The study explored both Box and Jenkins, and iterative outlier detection procedures in determining the efficiency of ARIMA-GARCH-type models in the presence of outliers using the daily closing share price returns series of four prominent banks in Nigeria (Skye (Polaris) bank, Sterling bank, Unity bank and Zenith bank) from January 3, 2006 to November 24, 2016. The series consists of 2690 observations for each bank. The data were obtained from the Nigerian Stock Exchange. Unconditional variance and kurtosis coefficient were used as criteria for measuring the efficiency of ARIMA-GARCH-type models and our findings revealed that kurtosis is a better criterion (as it is a true measure of outliers) than the unconditional variance (as it can be depleted or amplified by outliers). Specifically, the strength of this study is in showing the applicability and relevance of iterative methods in time series modeling.
Introduction
The generalized autoregressive conditional heteroscedastic (GARCH-type) models were introduced to account for heteroscedasticity (changing variance), a phenomenon which occurs as a result of violation of assumption of constant variance in time series. The GARCH-type models are further divided into symmetric and asymmetric. The symmetric GARCH models (for example ARCH and GARCH) rely on modeling the conditional variance as a linear function of squared past residuals. The strength of this specification is in allowing the conditional variance to depend only on the modulus of the past variables (past positive and negative innovations have the same effect on the current conditional variance). The most interesting feature not addressed by GARCH model is the leverage effect which occurs when an unexpected drop in price (bad news) increases predictable volatility more than an unexpected increase in price (good news) of similar magnitude (Engle and Ng [1] ; Francq and Zakoian [2] ). The asymmetric specifications (for example EGARCH and GJR-GARCH) allow for the signs of the innovations (returns) to have impact on the volatility apart from magnitude.
Originally, the GARCH model was specified based on the normal distribution for the innovations yet could not capture the heavy-tailed characterizations. Similarly, the student-t distribution which is traditionally specified to remedy the weakness of the normal distribution in accommodating the heavy-tailed property, is found wanting in many applications to account for excess kurtosis and thus, the resulting estimates of GARCH models are not efficient (Moffat and Akpan [3] ; Feng and Shi [4] ).
Furthermore, previous studies have shown that the heavy-tailed property indicates the presence of excess kurtosis which in turn is a measure of outliers (Moffat and Akpan [5] ; Cain, Zhang and Yuan [6] ; Fiori and Beltrami [7] ;
Westfall [8] ). Therefore, to completely account for excess kurtosis, it is required that outliers (which are the observations that deviate from the overall pattern of the distribution of the data) be adjusted for.
Hence, the aim of this study is to determine the efficiency of GARCH-type models with outliers taken into consideration using kurtosis coefficient which is at least approximately mesokurtic, and in particular seeks to improve on the work of Akpan, Lasisi and Adamu [9] who used the minimum unconditional variance (which is the standard measure of the variance of a variable) as a measure of efficiency of GARCH-type models in the presence of outliers. However, the major drawback to this approach is that, the unconditional variance pertaining to GARCH models fitted to the outlier contaminated series could be smaller than or equal to that of the outlier adjusted series against the expectation that the GARCH models fitted to outlier adjusted series would produce the minimum unconditional variance.
Moreover, the remaining part of this work is organized as follows; Section 2 takes care of materials and method then followed by results and discussion in Section 3, while the conclusion of overall results is handled in Section 4.
Materials and Methods

Return
The return series t R can be obtained given that t P is the price of a unit share at time, t and 
Exponential Generalized Autoregressive Conditional Heteroscedastic (EGARCH) Model
The EGARCH model represents a major shift from ARCH and GARCH models (Nelson [14] 
where again, t e is a sequence of i.i.d. random variance with mean, 0, and variance, 1, and k γ is the asymmetric coefficient.
Glosten, Jagannathan and Runkle (GJR-GARCH) Model
The GJR-GARCH (q, p) model proposed by Glosten, Jagannathan and Runkle 
Outliers in Time Series
Generally, a time series might contain several, say k outliers of different types and we have the following general outlier model;
where [20] ).
Moreover, in financial time series, the residual series, t a is assumed to be uncorrelated with its own past, so additive, innovative, temporary change and level shift outliers coincide, and where both the mean and variance equations evolves together, we have for example GARCH(1,1) model:
where t a  is the outliers contaminated residuals.
Methods of Outliers Detection in Heteroscedasticity
One approach for correcting the series for outliers is using standard criteria and then estimates the conditional variance. This approach involves detecting and correcting of outliers before estimating the conditional variance (Carnero, Pena and Ruiz [21] ). This very method is based on the iterative framework of Chen and Liu [19] summarized in the following steps;
Step I: Given an ARIMA model fitted to the data, all the potential outliers are detected based on preliminary model parameter estimates.
Step II: Joint estimates of the model parameters and outliers effects are obtained using the accommodated outlier information of step I.
Step III: Outliers are identified and their effects estimated again based on the adjusted estimates of model parameters obtained in Step II. 
Efficiency of Heteroscedastic Models
Efficiency is a measure of quality of an estimator of a model. It is often expressed using variance or mean square error. For the purpose of this study which looks at a unified effect of outliers, unconditional variance and coefficient of kurtosis are considered as the measures of efficiency of estimator of heteroscedastic model. The application of coefficient of kurtosis in this case is to ensure that the existence of heavy-tailed is taken care of.
For ARCH(q) model which is equivalent to GARCH(q, 0) model, the unconditional variance is given as follows:
For GARCH(q, p) model, the unconditional variance is expressed thus:
For EGARCH(q, p) model, the unconditional variance is expressed as follows:
where exp represent natural exponential function.
For GJR-GARCH(q, p) model
Kurtosis
Kurtosis coefficient for a centered (that is, zero-mean) distribution is defined as the ratio of the fourth-order moment, which is assumed to exist, to the squared second-order moment (Francq and Zakoian [2] ). This coefficient is equal to 3 for a normal distribution (mesokurtosis). For heavy-tailed distribution, the coefficient is greater than 3 (leptokurtosis). The excess kurtosis of GARCH (1,1) model can be obtained as follows:
Note that, ( ) 
Var
( ) ( ) ( ) 
provided that 
This excess kurtosis can be written in an informative expression. Considering the case where t e follows a normal distribution, 0
where the superscript, g, is used to denote the Gaussian distribution. The same idea applies to other GARCH-type models (Tsay [13] ).
Results and Discussion
Data
Data collection is based on secondary source as documented in the records of 
Interpretation of Time Plot
The share prices of the four prominent Nigerian banks considered are found to be nonstationary given the random fluctuations away from the common mean (see Figures 1-4) .
To achieve stationarity, Equation (1) was applied to the share price series and these transformed series were found to cluster round the common mean and thus indicated the presence of heteroscedasticity (see Figures 5-8 ).
Modeling Joint ARIMA-GARCH-Type Processes of Return Series of Nigerian Banks
Based on Box and Jenkins procedures, out of the several models identified tentatively, the following joint ARIMA-GARCH-type models with respect to both normal (norm) and student-t (std) distributions in (Table 1) were considered and selected on the grounds of smallest information criteria and model adequacy (see Table 2 ).
Identification of Outliers in the Residual Series of ARIMA Models Fitted to the Return Series of Nigerian Bank
Here, we examined the residuals series of the fitted ARIMA models for detection 
Identification of Outliers in the Residual Series of ARIMA (1, 1, 0) Model Fitted to the Return Series of Skye Bank
About twenty six (26) different outliers were identified to have contaminated the residuals series of ARIMA(1,1,0) model using the critical value, C = 4; six (6) innovation outliers (IO), six (6) additive outliers (AO) and fourteen (14) temporary change (TC) as indicated in (Table 3) .
Identification of Outliers in the Residual Series of ARIMA (2, 1, 0)
Model Fitted to the Return Series of Sterling Bank About seven (7) different outliers were identified to have contaminated the residual series of ARIMA(2,1,0) model using the critical value, C = 5 one (1) innovation outlier (IO), four (4) additive outliers (AO) and two (2) temporary change (TC) as shown in (Table 4) . Series of ARIMA (1, 1,0) Model Fitted to the Return Series of Unity Bank About thirty three (33) different outliers were identified to have contaminated the residual series of ARIMA(1,1,0) model using the critical value, C = 5; two (2) innovation outliers (IO), six (6) additive outliers, fifteen (15) temporary change (TC) and ten (10) level shift (LS) as indicated in (Table 5 ). Series of ARIMA (2, 1, 1) Model Fitted to the Return Series of Zenith Bank About forty two (42) different outliers were identified to have contaminated the residual series of ARIMA(2,1,1) model using the critical value, C = 5; thirteen (13) innovation outliers (IO), nine (9) additive outliers and twenty (20) temporary change (TC) as shown in (Table 6 ). 
Identification of Outliers in the Residual
Modeling Joint ARIMA-GARCH-Type Processes of Outlier Adjusted Return Series of Nigerian Banks
However, with the identified outliers being adjusted for, we obtained a new series (outlier adjusted return series). Again, Box and Jenkins iterative procedures were applied and those models in (Table 7) were selected based on smallest information criteria and model adequacy (Table 8 ).
Determination of Efficiency of ARIMA-GARCH-Type Models of Returns Series of Nigerian Banks
The ARIMA ( Table 9 ).
From (Table 10) er than that of the outlier adjusted return series, the model for the outlier adjusted return series is more efficient given that the kurtosis value is near three, the value occupied by normal distribution (Table 12 ). 
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